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REUSABLE THIOXANTHONE BASED PHOTOINITIATOR FOR FREE 
RADICAL POLYMERIZATION 
SUMMARY 
Photoinitiated polymerization is a well-known technique exploited in many 
technologically important areas. Both free radical and cationic polymerizations have 
been used, and the mechanisms of initiation have been studied in detail. The free 
radical mode is in more advanced state due to its applicability to a wide range of 
formulations based on (meth)- acrylates, unsaturated polyesters, and polyurethanes 
and the availability of photoinitiators having spectral sensitivity in the near-UV and 
visible range. Photoinitiators for visible light have found particular interest because 
of their use in many targeted applications such as dental filling materials, 
photoresists, printing plates, integrated circuits, laser-induced 3D curing, holographic 
recordings, and nanoscale micromechanics. Both cleavable and bimolecular 
hydrogen abstracting type photoinitiating systems, acting in the visible range, are 
wellknown. Titanocene and camphorquinone in conjunction with an amine are 
typical examples for the respective systems. 
Recently, organic ketones containing germanium were introduced as a new class of 
cleavable photoinitiators for free radical polymerization under visible light 
irradiation. 
In addition to visible light absorbtion, water solubility of an initiator is also an 
important parameter for todays green chemistry. Introduction of hydrophillic groups 
onto a conventional photoinitiator generally yields water soluble photoinitiator with a 
little decrease in photoactivity. Still, these salts are shown to display sufficient 
photoactivity, and scientific studies are intensivly shifting to the water-borne 
formulations. 
In this thesis, a new thioxanthone based photoinitiator possessing alkyne groups was 
synthesized and characterized. The synthesis is based on the Sonogashira coupling of 
the corresponding functional molecules. The characterization of thioxanthone based 
photoinitiator was achieved by 1H NMR and FT-IR analysis. Its use in 
xx 
photopolymerization of methacrylate monomers was also investigated in the 
presence and absence of H-donors. Thioxanthone groups present in the cross-linked 
structure absorbs the light and their excited states abstracts hydrogen from the added 
alcohol and amine compounds forming radicals capable of initiating free radical 
polymerization. Photoinitiation process was monitored by Real-Time IR and time-
conversion relation was demonstrated. Due to the network structure, the 
photoinitiator can be used several times without significant lose of the photoactivity. 
Molecular weights and polydispersities of obtained polymers, were measured by 
GPC. 
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SERBEST RADİKAL POLİMERİZASYONU İÇİN YENİDEN 
KULLANILABİLİR TİYOKSANTON BAZLI FOTOBAŞLATICI 
ÖZET 
Işıkla başlatılmış polimerizasyon reaksiyonlarına fotopolimerizasyon denir. 
Genellikle mor ötesi veya görünür bölge ışık kaynakları kullanılır. Fotobaşlatıcının 
uygun bir dalga boyundaki ışık absorbsiyonu sonucunda oluşan reaktif türler, tek 
fonksiyonlu monomerlerin polimerizasyonunu sağlarken, çok fonksiyonlu 
monomerlerin çapraz bağlı yapılara dönüşmesini sağlar. 
Son zamanlarda, fotobaşlatılmış polimerizasyon pek çok ekonomik ve ekolojik 
beklentiyi biraraya getirdiği için hayli ilgi çekmektedir. Fotobaşlatılmış 
polimerizasyon, sahip olduğu mükemmel avantajları dolayısı ile kaplama, mürekkep, 
baskı levhaları, optik frekans yönlendiricileri ve mikroelektronik gibi sayısız 
uygulamaların temelini oluşturmaktadır. Oda sıcaklığında yüksek polimerizasyon 
hızı, düşük enerji tüketimi, çözücüsüz ortamada polimerizasyon, uygulanacak yüzey 
alanı ve uygulama süresinin kontrol edilebilmesi gibi avantajlar sağlamaktadır. 
Fotopolimerizasyon radikalik, katyonik ve anyonik olarak başlatılabilse de çok 
sayıda fotobaşlatıcının ve yüksek reaktivitedeki monomerlerin bulunulabilirliği 
açısından radikalik sistemlere daha fazla ilgi duyulmaktadır. 
Fotopolimerizasyon yönteminin kullanıldığı  polimerizasyonlar daha düşük 
sıcaklıklarda gerçekleştirilebilmektedir. Polimerizasyonu düşük sıcaklıklarda 
gerçekleştirmek bir çok avantaj sağlamaktadır. Öncelikle maksimum çalışma 
sıcaklığı düşük olan monomerler sadece düşük sıcaklıklarda polimerleştirilebilirler, 
aksi halde oluşan polimerler depolimerizasyona uğrayarak tekrar monomer halini 
alırlar. Polimerizasyon sıcaklıklığının düşürülmesi esterleşme ve çarpaz bağlanma 
gibi yan reaksiyonların  önlenmesini sağlarken, polimerizasyonun daha kontrollü bir 
şekilde yapılmasınıda sağlar. Örneğin; tahta, kağıt, metal ve plastik malzemelerin 
yüzeylerinin kaplanması ve bu kaplamaların fotokimyasal olarak sertleştirilmesi gibi 
önemli kullanım alanları sağlayan yöntemler geliştirilmiştir. Lazer ile çalışan video 
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disklerinin üretimi ve diş dolgularının sertleştirilmesi de diğer bir kullanım alanıdır. 
Bu sistem, çözücüden bağımsız ve ısısal sertleştirmeden sonra yapılan işlemlere 
gerek duyulmadığından dolayı tehlikesiz olması ve az enerji harcanması açısından, 
ısısal sertleştirmeye kıyasla daha kullanışlıdır. Bunlara ek olarak enzim ve protein 
gibi ısıya duyarlı biyoyapıların polimerizasyon işlemiyle polimerlere bağlanması gibi 
işlemlerde düşük sıcaklıklarda gerçekleştirilmelidir.  
Termal polimerizasyonla karşılaştırıldığında fotopolimerizasyon oda sıcaklığında 
hızlı, zamansal ve mekan kontrollü olmasından dolayı büyük avantajlara sahiptir. 
Fakat bu avantajların yanında fotopolimerizasyonla elde edilen polimerin  molekül 
ağırlığı, molekül ağırlık dağılımı ve fonksiyonalitesi gibi özelliklerin kontrolü 
mümkün değildir. Bundan dolayıda blok ve aşı gibi kopolimerlerin sentezi 
fotopolimerizasyonla gerçekleşmesi kısıtlıdır. Fotopolimerizasyonda ışığın etkisi 
sadece başlama aşamasındadır. Başlama mekanizmasının anlaşılması için 
başlatıcının fotokimyasını bilmek gerekir. Başlatıcıların morötesi ve görünür bölge 
aralığındaki ışık tarafından, monomerlerin polimerizasyonunu başlatılabilecek 
serbest radikal veya iyon gibi reaktif tür üretmeleri ve monomerlerin de bu aralıktaki 
ışık tarafından bozunarak serbest radikal veya iyon vermemeleri gerekir. Monomer 
sistemlerindeki  değişiklerin pahalı olmasından dolayı, fotobaşlatıcıların etkinliğini 
artırıcı çalışmalar önem kazanmıştır. Özetle bir fotokimyasal polimerizasyon 
sisteminde en önemli reaktantlar fotobaşlatıcı ve monomerlerdir. 
Fotobaşlatıcılar, radikal oluşturma mekanizmalarına göre (birinci tip fotobaşlatıcılar) 
ve (ikinci tip fotobaşlatılar) fotobaşlatıcılar olmak üzere iki ayrı sınıfa ayrılır. 
Birinci tip fotobaşlatıcılar, radikal vermek üzere doğrudan fotoparçalanmaya uğrayan 
çeşitli fonksiyonel gruplar içeren aromatik karbonil bileşiklerdir. Genellikle 
fotoparçalanma aromatik karbonil grubun yanındaki bağdan (α yarılması) 
gerçekleşir. İkinci tip fotobaşlatıcılar, (α yarılması) için gerekli olan yeterli enerjisine 
sahip olmadıkları için, ancak uygun hidrojen verici moleküllere enerji aktarımı veya 
bu moleküllerden hidrojen koparma sonucu radikalleri üretirler. En geniş kullanımı 
olan serbest radikal fotobaşlatıcılar, benzoin, benzil ketalleri, asetofenon türevleri, 
açilfosfin oksitler (birinci tip fotobaşlatıcılar) ve benzefenon, tiyokzanton, kinon 
/tersiyer amin kombinasyonlarıdır (ikinci tip fotobaşlatılar). UV ışığıyla 
fotopolimerizasyon için aktive edilen birinci tip fotobaşlatıcı bileşenleri, çok 
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kullanışlı; fakat görünür ışık bölgesindeki kürleşmelerde yetersizlerdir. İkinci tip 
sistemlerde, polimerizasyonun başlaması hidrojen verici molekül üzerinde oluşan 
radikaller vasıtasıyla gerçekleşirken etkin olmayan ketil radikalleri birbirleriyle 
birleşerek ortamdan kaybolur. İkinci tip fotobaşlatıcılarda hidrojen verici moleküller 
olarak alkol, amin, eter ve tiyol molekülleri kullanılır. Bu moleküllerin arasında 
tersiyer aminler en çok tercih edilenlerdir. Ancak tersiyer aminlerin kötü kokulu, 
zehirli, kolay uçucu olması, göçme gibi olumsuz yönleri vardır. 
Serbest radikal fotopolimerizasyon yöntemi malzeme biliminde önemli bir yer 
kaplar. Özellikle, serbest radikal fotopolimerizasyonu, kaplamalar, diş dolgu 
malzemeleri, mürekkepler, litografi, yapıştırıcılar, vernikler, destek malzemeleri, 
kompozitler gibi endüstriyel uygumalarda önemli bir rol oynar. 
Bu tez çalışmasında, alkin grupları içeren yeni bir tiyoksanton bazlı fotobaşlatıcı 
sentezlenmiştir ve karakterizasyonu yapılmıştır. Bu sentez birbiriyle uyumlu 
fonksiyonel moleküllerin Sonogashira coupling reaksiyonuna dayanır. Tiyoksanton 
bazlı fotobaşlatıcının karakterizasyonu 1H NMR ve FT-IR teknikleri kullanılarak 
yapılmıştır. Hidrojen donor varlığında ve yokluğunda, metakrilat monomerlerinin 
fotopolimerizayonunda bu fotobaşlatıcının kullanımı incelenmiştir. Çapraz bağlı yapı 
içerisindeki tiyoksanton grupları ışığı absorplar ve onların uyarılmış seviyeleri 
eklenen alkol ve amin bileşiklerinden hidrojen kopartarak serbest radikal 
polimerizasyonunu başlatıcı radikalleri meydana getirirler. Fotobaşlatma basamağı 
Real-Time IR tekniği kullanılarak gözlenmiştir ve zaman-dönüşüm bağıntısı ile 
kanıtlanmıştır. Bu tiyoksanton bazlı fotobaşlatıcı, ağ yapısına sahip olması nedeniyle 
önemli derecede fotoaktivite kaybı olmadan birkaç kez fotopolimerizasyonda 
kullanılmıştır. Fotopolimerizasyonda elde edilen polimerlerin molekül ağırlıkları ve 
polidispersiteleri GPC kullanılarak ölçülmüştür. 
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1. INTRODUCTION 
Free radical polymerization methods have played an enormous role in the materials 
engineering and science. Particularly, photo-initiated mode of radical polymerization 
has become a key method in countless number of industrial applications such as 
protective coatings, dental resins, printing inks, lithography, adhesives, varnishes, 
support materials and composites [1-5]. The free radical mode is in more advanced 
state due to its applicability to a wide range of formulations based on (meth)- 
acrylates, unsaturated polyesters, and polyurethanes and the availability of 
photoinitiators having spectral sensitivity in the near-UV and visible range. 
Photoinitiators for visible light [6] have found particular interest because of their use 
in many targeted applications such as dental filling materials [7-9], photoresists, 
printing plates, integrated circuits, laser-induced 3D curing, holographic recordings, 
and nanoscale micromechanics. 
Photoinitiated radical polymerization may be initiated by both cleavage (Type I) and 
H-abstraction type (Type II) initiators. Because of their vital role in 
photopolymerization, photoinitiators are the subject of particularly extensive 
research. Most of this research has focused on Type I photoinitiators, which upon 
irradiation undergo an a-cleavage process to form two radical species. Type II 
photoinitiators are a second class of photoinitiators and are based on compounds 
whose triplet excited states are reacted with hydrogen donors, thereby producing an 
initiating radical (Figure 1.1). 
 
Figure 1.1 : General mechanism for photo-induced polymerization using typical     
Type II photoinitiator. 
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Because the initiation is based on bimolecular reaction, they are generally slower 
than Type I photoinitiators which are based on unimolecular formation of radicals. 
On the other hand, Type II photoinitiators possess better optical absorption properties 
in the near ultraviolet spectral region. Moreover Type I compounds give raise to 
volatile photodecomposition products due to the cleavage mechanism adding to the 
migration problem of release of odour. In this respect the Type II photoinitiators have 
a more favorable profile because the ketyl radical either is re-oxidized back to the 
ketone or gives rise to recombination products with formation of higher molecular 
weight derivatives with a lower volatility than parent compounds. 
Typical Type II photoinitiators include benzophenone, thioxanthones, benzil, and 
quionones while alcohols, ethers, amines and thiols are used as hydrogen donors. 
Recently, Yagci et al. prepared and studied the initiation mechanisms of different 
thioxanthone derivates with absorbtions at the visible and / or near UV range. 
In this thesis, a new thioxanthone based photoinitiator possessing alkyne groups was 
synthesized and characterized. The synthesis is based on the Sonogashira coupling of 
the corresponding functional molecules. The characterization of thioxanthone based 
photoinitiator was achieved by 1H NMR and FT-IR analysis. Its use in 
photopolymerization of methacrylate monomers was also investigated in the 
presence and absence of H-donors. Thioxanthone groups present in the cross-linked 
structure absorbs the light and their excited states abstracts hydrogen from the added 
amine compounds forming radicals capable of initiating free radical polymerization. 
Photoinitiation process was monitored by Real-Time IR and time-conversion relation 
was demonstrated. Due to the network structure, the photoinitiator can be used 
several times without significant lose of the photoactivity. Molecule weights and 
polydispersities of obtained polymers, were measured by GPC. 
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2. THEORETICAL PART 
2.1 Photopolymerization 
Photopolymerization is one of the most rapidly expanding processes for materials 
production and is employed over a wide range of applications. Since the technologies 
are extremely efficient and economical process as well as environmentally favorable 
process compared to traditional thermal polymerizations, photopolymerization 
process has continued to expand the growth of plastic market share. The use of light, 
rather than heat, to drive the reactions leads to a variety of advantages, including 
solvent-free formulations, very high reaction rates at room temperature, spatial 
control of the polymerization, low energy input, and chemical versatility since a wide 
variety of polymers can be polymerized photochemically. These advantages have 
been exploited in a variety of applications including: traditional films, fabrication of 
printed circuit boards, coatings for optical fibers, and replication of optical disks. In 
addition, photopolymerizations demand lower energy requirements because the 
polymerizations use a fraction of the energy of traditional thermal systems but the 
process provides high speed and high production rate at low curing temperature. 
Finally, the process may be used to rapidly form polymers without the use of diluting 
solvents and leads to lower volatile organic compounds than traditional thermal 
polymerization.  
Photo-initiated polymerization is typically a process that transforms a monomer into 
polymer by a chain reaction initiated by reactive species (free radicals or ions), 
which are generated from photo-sensitive compounds, namely photoinitiators and/or 
photosensitizers, by ultra violet-visible (UV-Vis) light irradiation. In recent decades, 
it has become a powerful industrial process widely used in various applications 
including coatings, inks, adhesives, varnishes, electronics, photolithography, and 
dyes due to its excellent advantages [10-12]. It offers high rate of polymerization at 
ambient temperatures, lower energy cost, and solvent-free formulation, thus 
elimination of air and water pollution [11-12]. It also devotes temporal and spatial 
control of the polymerization when high initiation rate is reached [13]. 
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Photopolymerizations are initiated by certain types of compounds which are capable 
of absorbing light of a particular wavelength. The wavelength or range of 
wavelengths of the initiating source is determined by the reactive system including 
the monomer(s), the initiator(s), and any photosensitizers, pigments or dyes which 
may be present. An active center is produced when the initiator absorbs light and 
undergoes some type of decomposition, hydrogen abstraction, or electron transfer 
reaction. If necessary, the effective initiating wavelength may be shifted by adding 
small amounts of a second compound, termed a photosensitizer, to the reaction 
mixture. The photosensitizer absorbs light and populates an excited state which may 
then react with the photoinitiator to produce an active cation or radical capable of 
initiating the polymerization. Upon generation of active centers, 
photopolymerizations propagate and terminate in the same manner as traditional (i.e. 
thermal) polymerizations. Photopolymerization can be divided into two categories: 
photoinitiated free radical (e.g. of acrylates) and cationic (e.g. ring opening reaction 
of epoxides) polymerizations.  
Although photoinitiated cationic polymerization has gained importance in recent 
years, the corresponding free radical polymerization is still the most widely 
employed route in such applications because of its applicability to a wide range of 
formulations based on acrylates, unsaturated polyesters, and polyurethanes and the 
availability of photoinitiators having spectral sensitivity in the near-UV or visible 
range. 
2.2 Types of Photopolymerization 
2.2.1 Photoinitiated free radical polymerization  
Photoinitiated free radical polymerization is one of the most widely employed route 
in industrial applications because of its applicability to a wide range of formulations 
based on acrylates, unsaturated polyesters, and polyurethanes and the availability of 
photoinitiators having spectral sensitivity in the near-UV or visible range. 
It consists of four distinct steps:  
i) photoinitiation step involves absorption of light by a photosensitive compound or 
transfer of electronic excitation energy from a light absorbing sensitizer to the 
5 
 
photosensitive compound. Homolytic bond rupture leads to the formation of a radical 
that reacts with one monomer unit.  
ii) propagation step involves repeated addition of monomer units to the chain radical 
produces the polymer backbone. 
iii) chain transfer step involves termination of growing chains by hydrogen 
abstraction from various species (e.g., from solvent) and formation of new radicals 
capable of initiating other chain reactions.  
iv) termination step involves termination of chain radicals by disproportionation or 
recombination reactions. Termination can also occur by recombination or 
disproportionation with any other radical including primary radicals produced by the 
photoreaction. 
 
Figure 2.1 : Elementary reactions in free radical photopolymerization. 
The role that light plays in photopolymerization is restricted to the very first step, 
namely the absorption and generation of initiating radicals. The reaction of these 
radicals with monomer, propagation, transfer and termination are purely thermal 
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processes; they are not affected by light. In most cases of photoinduced 
polymerization, initiators are used to generate radicals. Photoinitiators are generally 
divided into two classes, Type I and Type II, according to the process by which 
initiating radicals are formed. 
2.2.1.1 Type I photoinitiators (unimolecular photoinitiator system) 
Photoinitiators termed unimolecular are so designated because the initiation system 
involves only one molecular species interacting with the light and producing free-
radical active centers. These substances undergo a homolytic bond cleavage upon 
absorption of light (eq. 2.1). The fragmentation that leads to the formation of radicals 
is, from the point of view of chemical kinetics, a unimolecular reaction (eq. 2.2). 
𝑃𝐼 
ℎ𝑣
→  𝑃𝐼∗
𝑘
→ 𝑅1 ∙  + 𝑅2 ∙ (2.1) 
𝑑[𝑅1
. ]
𝑑𝑡
 =  
𝑑[𝑅2
. ]
𝑑𝑡
 = 𝑘[𝑃𝐼∗] (2.2) 
The number of initiating radicals formed upon absorption of one photon is termed as 
quantum yield of radical formation (ФR.) (eq. 2.3). 
Фɸ𝑅∙ =
𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑖𝑛𝑖𝑡𝑖𝑎𝑡𝑖𝑛𝑔 𝑟𝑎𝑑𝑖𝑐𝑎𝑙𝑠 𝑓𝑜𝑟𝑚𝑒𝑑
𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑝ℎ𝑜𝑡𝑜𝑛𝑠 𝑎𝑏𝑠𝑜𝑟𝑏𝑒𝑑 𝑏𝑦 𝑡ℎ𝑒 𝑝ℎ𝑜𝑡𝑜𝑖𝑛𝑖𝑡𝑖𝑎𝑡𝑜𝑟
 
(2.3) 
Theoretically, cleavage type photoinitiators should have a ФR. value of two since 
two radicals are formed by the photochemical reaction. The values observed, 
however, are much lower because of various deactivation routes of the photoexcited 
initiator other than radical generation. These routes include physical deactivation 
such as fluorescence or non-radiative decay and energy transfer from the excited 
state to other, ground state molecules, a process referred to as quenching. The 
reactivity of photogenerated radicals with polymerizable monomers is also to be 
taken into consideration. In most initiating systems, only one in two radicals formed 
adds to monomer thus initiating polymerization. The other radical usually undergoes 
either combination or disproportionation. The initiation efficiency of photogenerated 
radicals (fP) can be calculated by the following formula: 
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𝑓𝑝 =
𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑐ℎ𝑎𝑖𝑛 𝑟𝑎𝑑𝑖𝑐𝑎𝑙𝑠 𝑓𝑜𝑟𝑚𝑒𝑑
𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑝𝑟𝑖𝑚𝑎𝑟𝑦 𝑟𝑎𝑑𝑖𝑐𝑎𝑙𝑠 𝑓𝑜𝑟𝑚𝑒𝑑
 (2.4) 
The overall photoinitiation efficiency is expressed by the quantum yield of 
photoinitiation (ФP) according to the following equation: 
ɸФ𝑝  =  ɸ𝑅∙𝑥 𝑓𝑝 (2.5) 
Regarding the energy neccessity, it has to be said that the excitation energy of the 
photoinitiator has to be higher than the dissociation energy of the bond to be 
ruptured. The bond dissociation energy, on the other hand, has to be high enough in 
order to ensure long term storage stability. 
Initiating radicals, formed by direct photofragmentation process (α or less common β 
cleavage) of Type I photoinitiators upon absorption of light, are capable of triggering 
polymerization. As illustrated in Figure 2.2, the photoinitiator forms an excited 
singlet state, which then undergoes rapid intersystem crossing to form a triplet state. 
In the triplet state, two  radicals (benzoyl and benzyl radicals) are generated by α-
cleavage fragmentation. The benzoyl radical is the major initiating species, while, in 
some cases, the benzyl radical may also contribute to the initiation. 
 
Figure 2.2 : Formation of initiating radicals from decomposition of 
a Type I photoiniator. 
Most of the Type I photoinitiators are aromatic carbonyl compounds with appropriate 
substituents. Benzoin ether derivatives, benzil ketals, hydroxylalkylphenones, α-
aminoketones and  acylphosphine oxides are the most efficient ones (Table 2.1) [14-
17]. 
8 
 
2.2.1.2 Type II photoinitiators (bimolecular photoinitiator system) 
The excited states of certain compounds do not undergo Type I reactions because 
their excitation energy is not high enough for fragmentation (i.e., their excitation 
energy is lower than the bond dissociation energy). The excited molecule can, 
however, react with another component of the polymerization mixture (co-initiator 
(COI)) to produce initiating radicals (eq. 2.6). In this case, radical generation follows 
second-order kinetics (eq. 2.7). 
Classic Type II photoinitiators include aromatic carbonyls such as benzophenone and 
derivatives [18-21], thioxanthone and derivatives [22-27], benzyl [19], quinines [19], 
and organic dyes [27-32], whereas alcohols, ethers, amines, and thiols are used as 
hydrogen donors. Recently, thiol and carboxylic acid derivatives of thioxanthones 
have been reported to initiate photopolymerization without co-initiators as they 
contain functional groups with H-donating nature [33-35]. 
Table 2.1 : Structures of typical Type I radical photoinitiators. 
Photoinitiators Structure λmax (nm) 
 
Benzoin ethers 
 
323 
Benzil ketals 
 
365 
Acetophenones 
 
 
340 
Benzyl oximes 
 
335 
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Table 2.1 : Structures of typical Type I radical photoinitiators (Continued). 
Acylphosphine Oxides 
 
380 
Aminoalkyl phenones 
 
 
320 
 
𝑃𝐼 
ℎ𝑣
→  𝑃𝐼∗  + 𝐶𝑂𝐼 
𝑘
→ 𝑅1 ∙  + 𝑅2 ∙  (2.6) 
𝑑[𝑅1 ∙]
𝑑𝑡
 =  
𝑑[𝑅2 ∙]
𝑑𝑡
 = 𝑘[𝑃𝐼∗] [𝐶𝑂𝐼] (2.7) 
Alternative approach concerns the attachment of both chromophoric and hydrogen 
donating groups into polymer chains. This way, the odor and toxicity problems 
observed with the conventional photoinitiators and amine hydrogen donors were 
overcome. 
Table 2.2 : Structures of typical Type II photoinitiators. 
Photoinitiator Structure λmax (nm) 
Benzophenones 
 
335 
Thioxanthones 
 
390 
Coumarins 
 
370 
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Table 2.2 : Structures of typical Type II photoinitiators (Continued). 
Benzils 
 
340 
Camphorquinones 
 
470 
A novel thioxanthone based photoinitiator have also been developed possesssing 
anthracene group that does not require an additional hydrogen donor for radical 
formation and initiates the polymerization of both acrylate and styrene monomers in 
the presence of air [36]. In addition, TX-A possesses excellent optical absorption 
properties in the near-UV spectral region, ensuring efficient light absorption. Quite 
recently, thioxanthone-fluorene carboxylic acid (TX-FLCOOH) and its sodium salt 
(TX-FLCOO- Na+) were synthesized as efficient photoinitiators in visible light [37]. 
In fact, photoinitiators with higher wavelength absorption characteristics are desired 
as they cost lower energy and are defined to be “green”. 
Typical photoinitiators for Type II system are listed in Table 2.2. 
Radical generation by Type II initiating systems has two distinct pathways: 
Hydrogen abstraction from a suitable hydrogen donor 
Bimolecular hydrogen abstraction is limited to diaryl ketones [38]. The free radical 
generation process is the H-abstraction reaction of triplet photoinitiator from 
hydrogen donors (R-H) such as amines and alcohols. The radical derived from the 
donor can initiate the polymerization, whereas ketyl radicals stemming from 
aromatic carbonyl compound are usually not reactive toward vinyl monomers 
because of bulkiness, the delocalization of the unpaired electrons, or both. The 
overall process is depicted in the example of benzophenone in Figure 2.3. 
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Figure 2.3 : Formation of initiating radicals from photolysis of Type II photoinitiator   
in the presence of suitable hydrogen donor. 
Photoinduced electron transfer reactions and subsequent fragmentation  
Photoinduced electron transfer is a more general process, which is not limited to a 
certain class of compounds and is more important as an initiation reaction 
comprising the majority of bimolecular photoinitiating systems. The photoexcited 
compounds (sensitizer) can act as either an electron donor with the coinitiator as an 
electron acceptor or vice-versa. The radical ions obtained after the photoinduced 
electron transfer can generally undergo fragmentation to yield initiating radicals (eq. 
2.8-2.10). 
The electron transfer is thermodynamically allowed, if Gibbs Energy Change (G) 
calculated by the Rehm-Weller equation (eq. 2.11) is negative [43]. 
𝑃𝑆 
ℎ𝑣
→  𝑃𝑆∗ (2.8) 
𝑃𝑆∗ +  𝐴 →  𝑃𝑆∙+  +  𝐴∙− →  𝑅1 ∙  + 𝑅2 ∙      (2.9) 
𝑃𝑆∗ +  𝐷 →  𝑃𝑆∙−  +  𝐷∙+ →  𝑅1 ∙  + 𝑅2 ∙    (2.10) 
∆𝐺 = 𝐹[𝐸1/2𝑜𝑥 (𝐷/𝐷
+∙) − 𝐸1/2𝑟𝑒𝑑(𝐴/𝐴
−∙)] − 𝐸𝑆 + ∆𝐸𝑐   (2.11) 
Where 
F = Faraday constant 
𝐸1/2𝑜𝑥 (𝐷/𝐷
+∙) − 𝐸1/2𝑟𝑒𝑑(𝐴/𝐴
−∙) = Redox potentials of the donor and 
acceptor. 
Es = Excitation state of the reactive state of the sensitizer; Es = hv 
ΔG = Coulombic stabilization energy 
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Electron transfer is often observed for aromatic ketone/amine pairs and always with 
dye/coinitiator systems. Dyes comprise a large fraction of visible light photoinitiators 
because their excited electronic states are more easily attained. Coinitiators, such as 
tertiary amines, iodonium salts, triazines, or hexaarylbisimidazoles, are required 
since dye photochemistry entails either a photo-reduction or photo-oxidation 
mechanism. Numerous dye families are available for selection of an appropriate 
visible initiation wavelength; examples of a thiazine dye (with an absorption peak 
around 675 nm), acridine dyes (with absorption peaks around 475nm), xanthene dyes 
(500–550 nm), ﬂuorone dyes (450–550 nm), coumarin dyes (350–450 nm), cyanine 
dyes (400–750 nm), and carbazole dyes (400 nm). The oxidation or reduction of the 
dye is dependent on the co-initiator; for example, methylene blue can be photo-
reduced by accepting an electron from an amine or photo-oxidized by transferring an 
electron to benzyltrimethyl stannane [39]. Either mechanism will result in the 
formation of a free-radical active center capable of initiating a growing polymer 
chain. 
2.2.1.3 Monomers 
Unsaturated monomers, which contain a carbon–carbon double bond (C=C), are used 
extensively in free radical photopolymerizations. The free-radical active center reacts 
with the monomer by opening the C=C bond and adding the molecule to the growing 
polymer chain. Most unsaturated monomers are able to undergo radical 
polymerization because free-radical species are neutral and do not require electron-
donating or electron-withdrawing substituents to delocalize the charge on the 
propagating center, as is the case with ionic polymerizations. Commercial 
consideration in formulation development is therefore given to the final properties of 
the polymer system, as well as the reactivity of the monomer. Acrylate and 
methacrylate monomers are by far most widely used in free-radical 
photopolymerization processes. These monomers have very high reaction rates, with  
acrylates having an even faster reaction rate than their methacrylate counterparts 
[40]. This makes them especially amenable for high speed processing needed in the 
films and coatings industry. 
Multiacrylates increase the mechanical strength and solvent resistance of the ultimate 
polymer by forming cross-linked networks rather than linear polymer chains, 
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whereas monoacrylates reduce the viscosity of the prepolymer mixture for ease of 
processing [40, 41]. One of the drawbacks of acrylate and methacrylate systems is 
their relatively large polymerization shrinkage. Shrinkage is caused by the formation 
of covalent bonds between monomer molecules. When a covalent bond is formed 
between two monomer molecules, the distance between them is approximately half 
as much as that between two molecules experiencing van der Waal’s forces in 
solution. This shrinkage causes stresses in the polymer parts, which can affect their 
ultimate performance, especially in applications such as stereo lithography, dentistry, 
and coatings. One way to overcome this disadvantage is to develop oligomeric 
acrylates. These oligomers contain 1 to 12 repeat units formed through step-growth 
polymerization; the ends are then capped with two or more (meth) acrylate functional 
groups. Diallyldiglycolcarbonate has been used for many years in optical 
components such as lenses [42]. Acrylamide is used in stereo lithography and to 
prepare holographic materials [43-45]. N-vinylpyrrolidinone is copolymerized with 
acrylates and methacrylates for cosmetic and biomedical applications [46]. 
Norbornene is copolymerized with thiols for optical fiber coatings [47]. 
2.2.1.4 Absorption of light 
Photochemistry is concerned with chemical reactions induced by optical radiation 
[48]. The radiation is most often ultraviolet (200-400 nm) or visible (400-800 nm) 
light but is sometimes infrared (800-2500 nm) light. 
The absorption of a photon of light excites the electrons of a molecule. The stability 
of bond of compound is reduced by electronic excitation, under this circumstance, 
lead to its dissociation. 
Chromophoric groups defined as having functional group which show high 
absorbency. For example, phenyl rings or carbonyl groups take place in this groups. 
The energy causing excitation, E, is described by E=hc/λ where h is Planck's 
constant, c is the speed of light, and , λ is the wavelength of the exciting light. Light 
absorption is described by A= εCl, where s is the molar absorptivity (extinction 
coefficient), C is the concentration of the species, and l is the light path length. 
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2.2.2 Photo-initiated anionic polymerization  
Anionic photopolymerization had received less attention compared to cationic and 
free radical counterparts [49]. However, anionic photopolmerization recieve further 
attention after introduction of a new initiating system depending on trans-
Cr(NH3)2(NCS)4
- (Reineckate anion). In fact, irradiation of ligand field absorption 
bands of transition metal complexes results in ligand substitution reactions. This 
process can be employed for the controlled photogeneration of anions from a stable 
precursor. trans-Cr(NH3)2(NCS)4
- is considered as an ideal anion source since 
K+[trans-Cr(NH3)2(NCS)4
-] is readily soluble in a variety of organic solvents, 
resistant to thermal substitution in nonhydroxylic media, and its quantum efficiency 
is quite high (> 10%) for releasing of NCS- (eq. 2.12) upon ligand field excitation 
with near-UV/Vis light [50-52]. In the presence of a monomer containing electron-
withdrawing substituents to stabilize the negative charge, such as ethyl α-
cyanoacrylate, anionic polymerization is initiated. 
𝑡𝑟𝑎𝑛𝑠 − 𝐶𝑟(𝑁𝐻3)2(𝑁𝐶𝑆)4−
ℎ𝑣
𝑠𝑜𝑙𝑣𝑒𝑛𝑡
→      𝐶𝑟(𝑁𝐻3)2(𝑁𝐶𝑆)3 (𝑠𝑜𝑙𝑣𝑒𝑛𝑡) + 𝑁𝐶𝑆
∙       (𝟐. 𝟏𝟐) 
In another report, acyl-substituted ferrocenes, namely benzoylferrocene and 1,1’-
dibenzoylferrocene, were utilized as photoinitiator for the anionic polymerization of 
ethyl α-cyanoacrylate [53]. Generation of anionic initiating species is schematized in 
Figure 2.4. Pt(acac)2 or a cyclopentadienyl complex of Fe or Ru have been also 
utilized as anionic photoinitiators [54]. 
 
Figure 2.4 : Generation of anionic species from photolysis of 1,1’-dibenzoylferrocene. 
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2.2.3 Photo-initiated cationic polymerization  
Much effort has been devoted to free radical photopolymerizations [55,56] mainly 
due to the availability of a wide range of photoinitiators and the great reactivity of 
acrylate-based monomers. Although the most popular industrial applications are 
based on the photo-initiated free radical polymerization there are some drawbacks 
associated with this type of polymerization. For instance, free radical species are 
inhibited by molecular oxygen and inhbites almost polymerization based on free 
radicals. Moreover, post-cure limitations, which may affect the properties of the final 
product and toxicity of the monomers are another drawbacks. Several advantages of 
the photo-initiated cationic polymerization over the photo-initiated free radical 
polymerization have also been reported [57,58,59]. Cationic photopolymerization 
overcomes volatile emissions, limitations due to molecular oxygen inhibition, 
toxicity, and problems associated to high viscosity. Furthermore, once initiated, 
cationically polymerizable monomers such as vinyl ethers and epoxides undergo 
dark-polymerization in which they slowly polymerize without radiation. 
General scheme for photo-induced cationic polymerization is depicted in Figure 2.4. 
A photo-sensitive compound, namely photoinitiator (PI), absorbs incident light and 
undergoes decomposition leading to production of initiating species. Active species, 
namely a radical cation (R+.) in turn, react with cationic polymerizable monomers 
(M), and yield polymer (Figure 2.5). 
 
Figure 2.5 : General scheme of photo-initiated cationic polymerization. 
2.3 Sonogashira Coupling Reactions 
Alkynes  are commonly found in many natural products and biologically active 
compounds [60].The versatility of alkynes as important synthetic intermediates has 
prompted interest in designing efficient methods to incorporate alkynes in organic 
molecules.Commonly used method for incorporation of alkynes in organic 
molecules, through the formation of C–C bonds,  Pd-catalyzed carbon-carbon and 
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carbon-heteroatom bondforming processes represent some of the most important 
androutinely applied  reactions in synthetic chemistry [61-62]. Heck [63,64], Negishi 
[65,66], Sonogashira [67,68], Stille [69,70], Suzuki [71-74] and the recently 
developed Hartwig-Buchwald [75-77] cross-coupling reactions represent key 
examples. Some of these processes have been comprehensively used in 
benchmarking transition metal catalysts, particularly in Heck and Suzuki coupling, 
where high catalyst activity, low catalyst loadings, catalyst recycling, prolonged 
catalyst lifetime and selectivity are important.  
One  commonly used method for incorporation of alkynes in organic molecules, 
through the formation of C–C bonds, is the Sonogashira cross-coupling method [78-
82]. The Sonogashira coupling reaction has been extensively studied since its 
discovery in 1975. The Sonogashira cross-coupling reaction involves the coupling of 
a terminal 
alkyne with an aryl or vinyl halide or triflate, using a palladium catalyst and a Cu(I) 
salt as co-catalyst [83-85]. The creation of the C(sp)–C(sp2) bond makes the 
Sonogashira cross-coupling reaction one of the most important reactions in synthetic 
organic chemistry. It has been reported that the use of CuI does not always have a 
positive outcome on effective Sonogashira cross-coupling reactions [86]. This is 
because the use of CuI results in unwanted side-reactions, such as the oxidative 
homocoupling of alkynes to form the so-called Glaser product [87,88]. This side-
reaction has driven the modification of the original Sonogashira cross-coupling 
reaction [89-95]. To date, examples of Pd-free [89], Cu-free [96-98], amine-free 
[99], ligand-free  and solvent free [87,88] conditions have been reported. The 
Sonogashira crosscoupling reaction has also been performed in the presence of water 
as solvent, or using tetrabutyl ammonium salts as additives [87,88]. Modifications in 
the original Sonogashira crosscoupling reaction have resulted in the reaction being 
easily amenable on a laboratory and industrial scale. 
In 1975, Kenkichi Sonogashira and co-workers reported a palladium-catalyzed 
substitution of acetylenic hydrogen with haloalkenes, haloarenes, and halopyridines 
[99]. Today, the Sonogashira cross-coupling reaction between haloaryl derivatives 
and terminal alkynes has become the most commonly used reaction for 
functionalizing aromatic scaffolds with alkynyl groups. This reaction, operated in 
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mild conditions, has a wide compatibility with most functional groups and can easily 
be extended to numerous commercial terminal alkynes. 
Herein we report the first Sonogashira coupling of alkynes with secondary alkyl 
bromides, enabled by the use of palladium-N-heterocyclic carbene complexes [100]. 
To the best of our knowledge, this represents the first palladium-catalyzed cross-
coupling of unactivated secondary alkyl halides. 
 
BrR1
R2
R3
R1
R2
R3
2 mol% [IBiox7PdCl2]2
8 mol% CuI, Cs2CO3
DMF / DME, 600C
 
Figure 2.6 : Sonogashira reaction of secondary alkyl halides. 
Sonogashira coupling reaction of terminal alkynes with aryl halides catalyzed over a 
Pd(0)/Cu(I) system is a powerful tool in organic synthesis because the reaction 
directly provides unique organic compounds having the C(sp2) C(sp) bond [104-
109]. A number of studies have been reported on homogeneously catalyzed reactions 
[110]. In Sonogashira coupling reaction, copper salts usually play an important role 
in assisting the oxidative addition of acetylene to palladium metal; this method has 
drawbacks, though, includingwasteproduction and the necessity of separation after 
the reaction. Recently, some successful examples of copper-free homogeneous 
Sonogashira coupling reactions have been reported for the reduction of the 
drawbacks for the use of copper salts [111-116]. The use of amines such as 
piperidine or pyrrolidine [111,112], and amides such as N,N-dimethylformamide or 
N,N-dimethylacetoamide [112], and quaternary ammonium salts [114,115] have 
been proposed as copper-free methodologies in Pd(0) and Pd(II) complexes. Other 
examples are a dendritic Pd(II) complex bearing bidentate phosphorous  ligand and 
[Pd{t-Bu2PCH2N(CH2Ph)CH2Pt-Bu2}(OAc)2] complex in triethylamine [116,117]. 
Genêt et al. have proposed that the reactions using water-soluble Pd complexes in 
homogeneous organic–aqueous solvent systems are also effective copper-
freeprocedures [118,119]. 
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Figure 2.7 : Catalytic cycle for the Sonogashira reaction. 
2.4 Thiol-yne Click Chemistry 
Click chemistry is a term that was introduced by K. B. Sharpless in 2001 to describe 
reactions that are high yielding, wide in scope, create only byproducts that can be 
removed without chromatography, are stereospecific, simple to perform, and can be 
conducted in easily removable or benign solvents. This concept was developed in 
parallel with the interest within the pharmaceutical, materials, and other industries in 
capabilities for generating large libraries of compounds for screening in discovery 
research. Several types of reaction have been identified that fulfill these criteria, 
thermodynamically-favored reactions that lead specifically to one product, such as 
nucleophilic ring opening reactions of epoxides and aziridines, non-aldol type 
carbonyl reactions, such as formation of hydrazones and heterocycles, additions to 
carbon-carbon multiple bonds, such as oxidative formation of epoxides and Michael 
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Additions, and cycloaddition reactions. The one of these types is thiol-yne click 
reaction. 
While thiol addition to ynes has been known for over half a century [120] and 
originally noted for its high yields and ease of execution, it is a reaction that has been 
essentially overlooked in recent years, especially in the synthetic materials and 
polymer arenas. An important and distinguishing feature of the thiol–yne reaction is 
the ability for an yne-bond to react with two equivalents of thiol, form a double 
addition product with 1,2-regioselectivity. As been shown below the mechanism of 
thiol-yne click reaction. 
 
Figure 2.8 : General mechanism of thiol-yne click reaction. 
 
A thiyl radical is generated from a parent thiol either thermally or photochemically, 
with an added photoinitiator, and undergoes direct addition to the yne-bond yielding 
the reactive, intermediate, thioether–vinyl radical that undergoes chain transfer with 
additional thiol to yield the intermediate vinylthioether as shown in Figure 2.9 (part 
1) [121]. The vinylthioether subsequently undergoes a second thiyl radical addition 
(formally a thiol–ene reaction) to yield the intermediate carbon-centered radical that 
undergoes a second chain transfer reaction with thiol yielding the double addition, 
thiol–yne, product (Figure 2.9, part 2) with regeneration of a thiyl radical that 
reenters the chain process. 
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Figure 2.9 : Proposed mechanism for the double hydrothiolation reaction, under 
radical conditions, of terminal alkynes. 
The full potential of the radical thiol–yne click reaction has yet to be realized, but it 
represents an interesting, and complementary, process to both the thiol–ene and 
alkyne–azide reactions.  
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3.  EXPERIMENTAL PART 
3.1 Materials 
The monomer, methyl methacrylate (MMA) (Sigma-Aldrich); and the hydrogen 
donors, 2-(ethylamino)ethanol (EAE) (Sigma-Aldrich), tributylamine (TBA) (Sigma-
Aldrich) were used as received. The thioxanthone based photoinitiator was 
synthesized from Prof. Dr. A. Thomas laboratory as described in synthesis part. 
Solvents were purified by conventional drying and distillation procedures. 
3.2 Equipments  
3.2.1 Real-time infrared spectroscopy (RT-IR) 
FT-IR spectra were recorded on a Perkin Elmer FTIR Spectrum One B spectrometer. 
A Ker-Vis blue photoreactor equipped with 6 lamps (Philips TL-D 18 W) emitting 
light nominally at 400–500 nm at room temperature.  
The spectra were recorded with a certain time resolution and with a spectral 
resolution of 4 cm -1 (methyl methacrylate double bonds). The curing reaction was 
followed by monitoring the decay of the intensity of the peaks at 1640 cm -1   by 
integrating the peak areas.  
3.2.2  Gel permeation chromatography (GPC) 
Gel permeation chromatography (GPC) measurements were obtained from a 
Viscotek GPCmax Autosampler system consisting of a pump, a Viscotek UV 
detector and Viscotek a differential refractive index (RI) detector. Three ViscoGEL 
GPC columns (G2000HHR, G3000HHR and G4000HHR), (7.8 mm internal diameter, 
300 mm length) were used in series. The effective molecular weight ranges were 
456-42,800, 1050-107,000, and 10,200-2,890,000, respectively. THF was used as an 
eluent at flow rate of 1.0 mL min-1 at 30°C. Both detectors were calibrated with PS 
standards having narrow molecular weight distribution. Data were analyzed using 
Viscotek OmniSEC Omni-01 software. Molecular weights were calculated with the 
aid of polystyrene standards. 
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3.2.3 1H Nuclear magnetic resonance spectroscopy (1H-NMR) 
1H-NMR spectra of 5–10 % (w/w) solutions in CDCl3 or DMSO-d6 with Si(CH3)4 as 
an internal standard were recorded at room temperature at 250 MHz on a Bruker 
DPX 250 spectrometer. 
3.2.4 Photoreactor 
The photoreactor emitting light nominally between 400 and 500 nm was used. 
3.3 Preparation of Methods 
3.3.1 Synthesis of dibromothioxanthone 
 
 
Figure 3.1: General reaction of dibromothioxanthone 
2.5 g (0.012 mol) thioxanthone is dissolved  in 20 mL acetic acid, and 5 mL Br2 is 
added dropwise in room temperature. After 20 hours (h) of reflux, cooled mixture is 
poured over ice and filtered. Precipitation is washed with saturated solution of 
NaHCO3, 20% aqueous solution of NaHSO3, and water, subsequently (remaining Br2 
in liquid phase is quenched 0.1 M aq Na2S2O3). Solid part is dried in vacuum and 
recrystallized in toluene. Resulting bright yellow solid is yielded as 2.57 g (59%). 1H 
NMR (400 MHz, CDCl3) δ = 8.75 (d, 4J= 2.34 Hz, 2H), 7.75 (dd, 3J= 8.60, 4J= 2.32 
Hz, 2H), 7.48 (d, 3J= 8.60 Hz, 2H); 13C  NMR (100 MHz, CDCl3) δ = 177.6, 135.6, 
132.6, 130.1, 127.6, 120,7; Mass calculated 369.8486, found: 369.9 (GC-MS Agilent 
Technologies 5975C mass selective detector). 
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3.3.2 Synthesis of thioxanthone based photoinitiator (TX-PI) 
S
O
S
O
S
O
S
O
Br
Br
+
Sonogashira
Pd(PPh3)4 / CuI
 DMF / Base
 100 °C / N2
 
Figure 3.2: General reaction of thioxanthone based photoinitiator 
0.13 g (0.35 mmol) of TXBr2, 0.036 g (0.23 mmol) 1,3,5 triethynylbenzene, 0.01 g 
CuI, 0.027 g (0.023 mmol) Pd(PPh3)4 is weighted and solved in 20 mL dry DMF and 
0.5 mL dry diisopropylamine in glovebox. The flask is sealed and stirred for 3 days 
at 1000C. Precipitation is filtered and washed with THF, CHCl3, deionized water, and 
MeOH. Pale yellow material is purified via soxhlete wash in THF and MeOH for 1 
day, each. Dried in vacuum at 1000C and yielded 0.1039 g (101%, reason of being 
bigger than 100% is remaining halogens in the thioxanthone end caps of crosslinked 
polymer2). 13C CP/MAS NMR (Cross-polarization magic angle spinning nuclear 
magnetic resonance) δ =  176.6, 135.1, 128.0, 122.3, 89.6 
N2 gas sorption analyses carried at 77
0 K, and gave a surface area of 530 m2/g and 
average pore diameter is 1.4 nm. 
3.3.3 Synthesis of poly(ethylene glycol) with p-toluenesulfonyl functionality 
(PEG-Tos) 
O
OHH3C
n
H3C S
O
O
Cl
O
OH3C
n
S
O
O
CH3
 
Figure 3.3: General reaction of PEG-Tos 
Into a two-neck flask equipped with a stirrer, mPEG (16 g, 1 equiv), p-
toluenesulfonyl chloride (2.5 g, 1.5 equiv), DMF (30 mL) and TEA (2 ml) were 
added under N2 atmosphere. The reaction mixture was stirred for 2 h at 70
0C and 
later it was left to stand at room temperature overnight. Then, reaction mixture was 
precipitated into diethyl ether to give PEG-Tos. 
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3.3.4 Synthesis of poly(ethylene glycol) with xanthate functionality (PEG-Xant) 
O
OH3C
n
S
O
O
CH3
O
S
S K
O
SH3C
n
S
O
 
Figure 3.4: General reaction of PEG-Xant 
Into a two-neck flask equipped with a stirrer, PEG-Tos (2 g, 1 equiv), potassium 
xanthate (1.5 g, 10 equiv) and DMF (20 mL) were added under N2 atmosphere. The 
reaction mixture was stirred for 18 h at room temperature and precipitated in ten fold 
excess of diethyl ether to give PEG-Xant. 
3.3.5 Synthesis of poly(ethylene glycol) with thiol functionality (PEG-SH) 
O
SH3C
n
S
O
SH
HS
O
SHH3C
n
Zn
DMF
 
Figure 3.5: General reaction of PEG-SH 
Into a two-neck flask equipped with a stirrer, DMF (12 mL), PEG-Xant (1 g, 1 
equiv) and metallic zinc (0.09 g, 3 equiv) and were added under N2 atmosphere. 
Next, 1,2-ethanedithiol (0.4 ml, 10 equiv) was added to reaction mixture by a 
syringe. The reaction mixture was stirred for 3 h at room temperature and filtrated. 
Then, CH2Cl2 (100 ml), water (20 ml) and two or three drops of diluted hydrochloric 
acid were added to the filtrate and the mixture was extracted. The phase of CH2Cl2 
was taken and dried with Na2SO4. Later, it was filtrated and the majority of solvent 
was evaporated using a rotary evaporator. Finally, it was precipitated in ten fold 
excess of diethyl ether to give PEG-SH. 1H-NMR (CDCl3, 250 MHz): δ = 3.66 (2H,  
-O-CH2-CH2-), 3.39 (2H, -CH2-O-), 2.71 (2H, -CH2-CH2-S-), 1.72 (1H, -CH2-SH). 
3.3.6 Synthesis of thioxanthone based photoinitiator with poly(ethylene glycol) 
functionality (TX-PEG) 
PEG-SH (0.03 g, 1 equiv) and TX (0.01 g, 5 equiv) were mixed in toluene (2 mL) in 
a Schlenk tube equipped with a magnetic stirrer. Next, AIBN (0.005 g, 5 equiv) was 
added to the reaction media under vacuum and nitrogen atmosphere. The mixture 
was heated to 700C. After 24 h, it was precipitated into ten-fold excess diethyl ether 
and filtrated. Then, it was washed by acetone several times and dried under vacuum 
to obtain TX-PEG. 
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Figure 3.6: General reaction of TX-PEG 
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3.3.7 General procedure for photopolymerization 
Appropriate solutions of the monomers, photoinitiators and the coinitiators were 
irradiated with a Ker-Vis blue photoreactor equipped with 6 lamps (Philips TL-D 18 
W) emitting light nominally at 400-500 nm at room temperature in nitrogen 
atmosphere. Polymers were obtained after precipitation in methanol and drying under 
vacuum. Conversions were calculated for all samples gravimetrically. 
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4.  RESULTS AND DISCUSSION 
In this thesis, a new thioxanthone based photoinitiator possessing alkyne groups was 
synthesized and characterized. The characterization of thioxanthone based 
photoinitiator was figured out by 1H NMR and FT-IR. The synthesis of the 
photoinitiator is depicted in Figure 4.1. 
 
Figure 4.1 : Reaction mechanism of the synthesis of the photoinitiator. 
Its use in photopolymerization of methacrylate monomers was also investigated in 
the presence and absence of H-donors. Polymerizations proceed according to the 
reactions presented in Figure 4.2.  
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Figure 4.2 : General mechanism of photopolymerization. 
Due to the network structure, the photoinitiator can be used several times without 
significant lose of the photoactivity. Molecule weights and polydispersities of 
polymers that were obtained, were measured by GPC.  
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Appropriate solutions of the monomers, photoinitiators and the coinitiators were 
irradiated with a Ker-Vis blue photoreactor equipped with 6 lamps (Philips TL-D 18 
W) emitting light nominally at 400-500 nm at room temperature in nitrogen 
atmosphere. Polymers were obtained after precipitation in methanol and drying under 
vacuum. Conversions were calculated for all samples gravimetrically. 
Firstly, the molecular weights and polydispersities of the polymers occuring after the 
photopolymerization were measured by means of GPC.  
Table 4.1 : GPC results of poly(methyl methacrylate)s. 
Entrya) (TX-PI)0           
(mol) 
(EAE)0 
(mol) 
Conversion 
(%) 
Mn,GPCb) 
[g mol-1] 
Mw/Mnb) 
1 9.42x10-5 
 
0 - - - 
2 9.42x10-5 
 
9.42x10-4 
 
- - - 
3 9.42x10-5 
 
4.71x10-4 
 
15 40530 3.75 
  4c) 9.42x10-5 
 
4.71x10-4 
 
11 38670 1.95 
a) λ = 400-500 nm, time = 180 min, [MMA] = 9.42 mol L-1;  
b) Determined by gel permeability chromatography;  
c) The catalyst was reused.  
As can be seen from the Table 4.1, in the absence of a hydrogen donor, the 
polymerizations do not proceed significantly. For successful polymerizations, the 
presence of sufficient amount of hydrogen donor is crucial. It is also noted that at 
much higher concentration, the conversion are relatively decreased probably due to 
the formation of short polymer chains arising from the chain transfer activity of the 
alcohol and amine compounds. Since the photoinitiator is insoluble in acetone, it can 
be simply isolated by filtration. The dried photoinitiator was further used in the 
initiation of polymerization. Interestingly, it retains its major initiation efficiency in 
the second. Moreover, the polydispersities of the obtained polymer is narrower than 
that of the first run (see Table 4.1, Entry 4).  
It was also of interest to investigate the structural changes of the initiator after 
photopolymerization. Figure 4.3 presents IR spectra of the photoinitiator before and 
after polymerization. As can be seen from the spectra, the major bands of the 
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photoinitiator remains unchanged. For instance, the carbonyl bond appearing at 1700 
cm-1 still exists after the polymerization. 
 
Figure 4.3 : IR spectrum of thioxanthone based photoinitiator. 
Photopolymerization process was also followed by Real-Time IR analysis. The 
decrease of the double bond of methyl methacrylate monomer by irradiation time 
was monitored (Figure 4.4). It is noted that the double of the monomer almost 
dissappeared after 3 h irradiation.  
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Figure 4.4 : RT-FTIR spectra of polymerization mixture before and after 3 h 
irradiation. 
Double bond conversion of methyl methacrylate group can be defined according to 
the equation 4.1 as shown below. 
% Conversion=(A0-At /A0)*100                                                 (4.1)     
Where A0 is the peak area of methyl methacrylate before irradiation and At is the 
peak area of remaning methyl methacrylate after the irradiation initiates during the 
reaction period. By using this equation, the double bond conversion is shown in 
Figure 4.5. As can be seen, the polymerization is proceeded in a two mode manner, 
rapid first stage is followed by relatively slow stage. This behavior is usual for 
thioxanthone type photoinitiators. However, the observed conversions are 
significantly higher than those obtained by the gravimetric measurements. In the 
gravimetric method, the conversions are based only on the precipitated high 
molecular weight polymers. Notably, oligomers with low molecular weights were 
not taken into consideration. 
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Figure 4.5 : Double bond conversion of poly(methyl methacrylate). 
 
In order to get more insight into polymerization mechanism, we have used alternative 
hydrogen donor to provide better IR spectral detection. In Figure 4.6, the IR spectral 
changes of the solution containing photoinitiator and tributylamine (TBA) as 
hydrogen donor in the absence of monomer are demonstrated.  
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Figure 4.6 : RT-IR spectra of increasing hydroxyl peak area during irradiation. 
Notably, as the hydrogen abstraction process occurs, a new band at 3665 cm-1 
corresponding hydroxyl group of the thioxanthone ketyl compound developes as 
demonstrated below for simple thioxanthone (Figure 4.7). 
 
Figure 4.7 : Developing hydroxyl group of the thioxanthone ketyl compound. 
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Attachment of PEG hydrogen donor to the photoinitiator by Click Chemistry. 
In order to obtain a photoinitiator possessing both thioxanthone moiety as well as 
hydrogen donor compound, we took the advantage of alkyne groups present in the 
structure. Alkyne groups are known to participate in thiol-yne click reactions. Thus, 
poly(ethylene glycol) with thiol groups was prepared independently. For this 
purpose, the hydroxyl groups of mono methyl PEG was converted to thiol groups 
according to the following reactions (Figure 4.8). 
O
OHH3C
n
H3C S
O
O
Cl
O
OH3C
n
S
O
O
CH3
O
S
S K
O
SH3C
n
S
OSH
HS
O
SHH3C
n
Zn
DMF  
Figure 4.8 : Converting the hydroxyl groups of mono methyl PEG to thiol groups. 
The structure of the thiol compound was confirmed by 1H-NMR analysis. As can be 
seen from Figure 4.9. 
 
Figure 4.9 : 1H-NMR spectra of PEG-SH. 
35 
 
PEG-SH was then used in thiol-yne click reaction to yield photoinitiator with PEG 
dangling chains. The overall click reaction is presented in Figure 4.10. 
 
Figure 4.10 : Thiol-yne click reaction. 
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The successful incorporation of PEG units were confirmed by IR analysis. As can be 
seen from Figure 4.11, in addition to the usual bands of the photoinitiator, 
characteristic ether bond of PEG was observed at 1100 cm-1. 
 
Figure 4.11 : IR spectra of TX-PEG 
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5.  CONCLUSIONS AND RECOMMENDATIONS 
In this thesis, a new thioxanthone based photoinitiator possessing alkyne groups was 
synthesized and characterized by 1H NMR and FT-IR. Its use in photopolymerization 
of methacrylate monomers was investigated in the presence and absence of H-
donors. Due to the network structure, the photoinitiator can be reused without 
significant lose of the photoactivity. The photopolymerization behavior was studied 
by Real-time FT-IR analysis and time-conversion dependence was evaluated. The 
structure of the photoinitiator after the polymerization was also investigated and 
found that the photoinitiator does not undergo structural changes and retains its 
photoactivity. The photoinitiation mechanism was demonstrated in a model reaction 
by using hydrogen donor. 
Additionally, a new photoinitiator of the same structure with hydrogen donating sites 
was synthesized by a thiol-yne click reaction. It is anticipated that this photoinitiator 
will function without added hydrogen donor and act as an one-component 
photoinitiator. 
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